Titania (content C TiO2 = 2.7-20.0 wt%) was synthesized on different fumed silica substrates (A-50, A-100, A-380) using Ti[OCH(CH 3 ) 2 ] 4 as a precursor interacting with silica/adsorbed water in 2-propanol or CCl 4 medium, dried and then heated at 1073 K for 1 h. Initial and pretreated nanosilicas and titania/silicas were studied using XRD, adsorption, FTIR, TEM, AFM, and TPD-MS methods. The morphology of grafted titania (anatase/rutile/amorphous phase composition, particle size distribution, aggregation, textural porosity) depends on the types of a nanosilica matrix and a solvent, suspension treatments and reaction conditions.
INTRODUCTION
Silica/titania (ST) materials can be divided for simplicity into two groups: (i) both phases form individual particles with weak contacts between them; and (ii) each ST particle composed of a mixture of titania and silica in the bulk and at a surface of particles (i.e. with tight contacts between titania and silica fragments). A solid solution of titania in silica or vice versa can be attributed to the second group. The distribution of silica and titania in the ST particles is determined using the synthesis technique (sol-gel, precipitation, flame, template, chemical vapor deposition (CVD), physical plasma deposition (PPD), etc.) subjected to a ♣ This article is dedicated to Professor Roman Leboda on the occasion of his 65 th birthday DOI: 10.2478/v10063-008-0004-9 desirable morphology of ST particles and possible utilization of the materials as catalysts, adsorbents, pigments, fillers, etc. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The thickness of a grafted titania layer (composed of amorphous and crystalline phases) on a silica matrix can vary from a few nm to 20-30 nm or more [12] [13] [14] [15] [16] . The growth mechanism of titania on silica depends on the reaction media composition and the synthesis technique. Surface nucleation growth occurs through the first-order polynuclear layer growth mechanism on the sol-gel or water-in-oil type microemulsion methods of the synthesis, and in the first process the growth rate constant is much faster than that for the latter [17] . The sol-gel process leads to significant aggregation and consolidation of nanoparticles, e.g. the specific surface area S BET = 50-60 m 2 /g with the TiO 2 crystallite size d < 10 nm [18] ; however, in the case of non-aggregated particles of a similar size the S BET value should be larger by a factor of ~3. Template synthesis of ST can give the materials with very high specific surface area [19] . Titania synthesis on porous silica matrices typically leads to the formation of titania crystallites larger than the pore size of the matrix [20] because TiO 2 crystallites mainly form at the outer surface of silica particles and/or in textural pores (macropores).
To vary photochemical and other properties of titania pigments, titania coated by a silica layer can be used [1] [2] [3] 21] . Amorphous sol-gel SiO 2 film can be also utilized to protect titanium alloys against high temperature oxidation [22] . Catalytic activity, adsorption characteristics and other important properties of ST materials depend not only on the distribution of titania but also on the content of different TiO 2 phases (amorphous, anatase, rutile, brookite) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The deposition technique affects the ST morphology; e.g., impregnation provides the best external superficial dispersion of titania allowing the formation of small crystallites at the matrix surface, but the grafting method gives the best internal titania dispersion with formation of large crystallites at the external surface of the silica matrix [23] . Reaction conditions, especially reaction temperature (T r ) and the presence of water, strongly affect the morphology of ST materials. The probability of reactions between TiCl 4 (frequently used as a precursor) and ≡Si−O−Si≡ bridges or substitution of ≡Si−OH by ≡Si−Cl (on direct formation of TiO 2 ) is significantly lower than the formation of ≡SiO−TiCl n groups under soft conditions (T r < 523 K). At T r > 700 K the probability of the TiCl 4 interaction with ≡Si−O−Si≡ to form ≡Si−Cl bonds increases, that leads to titania consolidation and an increase in the area of contacts between the grafted titania particles and the silica matrix, and a rutile portion in titania deposits increases [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . The Si−O−Ti bridges are hydrolytically unstable; therefore, the excess of water in the reaction medium leads to the formation of segregated titania particles [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . Different precursors were used to synthesize titania, e.g., TiX 4 at X = Cl, OCH(CH 3 ) 2 and other OR [41] [42] [43] [44] [45] [46] [47] which could be transformed through oxidation, hydrolysis/dehydration, and thermal decomposition to form titania. Reactions at relatively low temperatures and subsequent calcination at T < 850 K give amorphous titania [48] or a mixture of anatase with the amorphous phase [25, 28, 33, 35] . Elevating T r leads to the formation of a portion of rutile and its contribution increases with T r . However, calcination at T > T r does not lead to complete transformation of anatase to rutile because of the inhibitory effect of the silica matrix [27, 28, 49] .
CVD-titania typically consists of relatively large particles formed at the outer surface of aggregates of primary nanoparticles of fumed silica [24] [25] [26] [27] [28] [29] [30] 32] or silica gel granules [33, 35] . Smaller nanoparticles can be formed in the inner space of aggregates (i.e. in voids between nonporous silica nanoparticles) or in narrow mesopores of silica gels under special conditions and at not high 2 
TiO
C values. The interaction of TiX 4 with silanols, subsequent hydrolysis and aggregation of grafted titania in nanoparticles were studied in detail for different matrices with unmodified [26] [27] [28] [29] [30] [31] [32] 37] and modified [50] fumed silica, unmodified silica gel [33, 35, 36] and silylated silicas [40, 50] . Notice that structural, adsorption and catalytic properties of grafted TiO 2 /fumed silica and fumed ST materials significantly differ and this difference depends on the titania content, phase composition and titania distribution [51] [52] [53] [54] . The influence of features of the textural porosity of fumed silica on the formation of titania deposits is not so clear as in the case of silica gels with rigid granules and a relatively narrow pore size distribution [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] 50] . Therefore the aim of the present work was to study the effects of (i) the specific surface area and aggregation of primary particles of various fumed silicas A-380, A-300, A-100, and A-50; and (ii) the synthesis techniques of titania on the structural characteristics of TiO 2 deposits and the whole TiO 2 /silica. and A-380 (D = 7.2 nm) (Pilot plant at the Institute of Surface Chemistry, Kalush, Ukraine) used as the initial materials were modified using titanium(IV) isopropoxide Ti[OCH(CH 3 ) 2 ] 4 , TTIP, (Aldrich, 98%) in 2-propanol or carbon tetrachloride (spectroscopy grade). Before the modification, silica was heated in air at 473 K for 2 h and cooled to room temperature in air (that results in adsorption of water in the amount of several percents which provides hydrolysis of TTIP). A certain amount of 2-propanol was added to silica stirred at 313 K to obtain a thick-flowing dispersion, and then certain amounts of TTIP dissolved in 2-propanol were added. The stirred dispersion was heated at 356 K in air for several hours to obtain a paste-like system and to provide the formation of amorphous titania then heated at 383 K in air to remove the solvent. To provide consolidation and crystallization of titania deposits, the obtained powders were calcined at 1073 K in air for 1 h. The content of titania grafted onto the silica matrices was 5, 9.9, 15, and 20 wt%.
MATERIALS AND METHODS

Materials. Fumed silicas
Additionally, sonication only of silica in 2-propanol for 3 min (single sonication) and sonication of both silica/2-propanol (3 min) and TTIP/A-380/ 2-propanol (3 min) suspensions (double sonication) was applied to a set of samples before heating. Sonication was short-time pulsed (~30 s) with pauses to prevent heating of the suspensions (on sonication T < 313 K). Subsequent thermal treatments were the same as stated above. The grafted titania contents in six samples of both series were 2.7, 4.0, 5.3, 9.1, 13.1, and 16.7 wt%.
To analyze the effects of 2-propanol as a solvent on the titania characteristics, the TTIP/silica suspension was prepared in carbon tetrachloride instead of 2-propanol. Subsequent thermal treatments of the samples in air were the same as stated above. The grafted titania contents in four samples were 4.6, 8.9, 12.8, and 16.3 wt%.
For the XRD investigations, the reference samples with mechanical mixtures of titania (anatase at the average size of crystallites d ≈ 25 nm) ( 2 TiO C = 10, 15, and 20 wt%) and silica A-380 were prepared in 2-propanol sonicated, filtrated and then heated at 393 K.
To analyze the inhibitory effect of the silica matrices on the anatase-to-rutile transformation, TTIP was also hydrolyzed alone (i.e. to avoid the inhibitory effect) in 2-propanol with the addition of distilled water and heated after removal of the solvents at different temperatures (523-1123 K) for 1 h.
The samples CVD-TiO 2 /A-300 described in detail elsewhere [29] [30] [31] were used to compare with the ST materials synthesized in the present study. IR Spectroscopy. The infrared (IR) spectroscopy investigations of the titania/silica samples were carried out using a Specord M-80 (Karl Zeiss, Jena) spectrophotometer or a FTIR ThermoNicolet spectrophotometer. The ST samples were stirred with the KBr powder (the KBr spectrum was used as the subtracted background). Diffusive reflectance FTIR spectra were recorded at different temperatures of samples (mixed with KBr as 1 : 8) in air using a device for thermal control.
Adsorption. The structural characteristics of the studied samples were calculated from the nitrogen adsorption-desorption isotherms recorded at 77.4 K using a Micromeritics ASAP 2405N adsorption analyzer. The specific surface area S BET (Tables 1 and 2) was calculated according to the standard BET method [55] . The pore volume V p was estimated at p/p 0 ≈ 0.98 (where p and p 0 denote the equilibrium and saturation pressures of nitrogen respectively) converting the amount of adsorbed gaseous nitrogen to liquid one (Tables 1 and 2) .
Pore size distributions (PSD, differential f(R p ) ~ dV p /dR p ) were calculated using the overall isotherm equation (with the framework of Density Functional Theory, DFT [56] ) with a model of voids between the spherical particles described elsewhere [57] and solved using a regularization procedure based on the CONTIN algorithm [58] . The differential distribution functions f V (R p ) were converted to incremental PSD (IPSD)
(
The f V (R p ) functions linked to the pore volume can be transformed to the f S (R p ) distribution functions with respect to the surface area
where w ef was estimated using the equation
The f V (R p ) and f S (R p ) functions were used to calculate contributions of micropores (V mic and S mic at the pore radius R p < 1 nm), mesopores (V mes and S mes at 1 nm ≤ R p ≤ 25 nm), and macropores (V mac and S mac at R p > 25 nm) to the total pore volume and the specific surface area (Tables 1 and 2). Notice that the studied materials are not microporous; therefore, the V mic and S mic values are close to zero and not shown here. The f S (R) distributions were used to estimate the deviation (∆w) of the pore shape from the model using a self-consisting regularization (for calculations of the distribution functions of particle size ϕ(a) and
where R max and R min are the maximal and minimal pore radii respectively. The S * mic , S * mes and S * mac values were corrected by multiplication by (∆w+1) that gives S * (∆w+ 1) = S sum = S mic + S mes + S mac = S BET . The specific surface area (S ϕ ) of materials composed of spherical nanoparticles characterized by the particle size distribution ϕ(a) (calculated using the self-consisting regularization for f V (R) and ϕ(a) (normalized to 1) with the model of voids between spherical particles) can be calculated with equation
where m r t a A + + = , a is the particle radius (D = 2a), ρ the density of material, N the average coordination number of nanoparticles in aggregates, t the thickness of an adsorbed nitrogen layer, and r m is the meniscus radius determined at 0.05 < p/p 0 < 0.2 corresponding to the effective radius R of voids between spherical particles. The condition |S ϕ − S BET | < 1 m 2 /g can be used to estimate the N value in Eq. (5) or as an additional condition (at a fixed N value) to determine the a max and a min values in Eq. (5). AFM and TEM. Atomic Force Microscopic (AFM) images were obtained by means of a NanoScope III (Digital Instruments, USA) apparatus using a tapping mode AFM measurement technique. Before AFM scanning, the powder samples were slightly smoothed by hand pressing using a glass plate, which did not affect the structure of primary and secondary particles of studied samples. TEM micrographs were made using a JEM100CX II apparatus with the accelerating voltage of 100 kV.
One-pass temperature-programmed desorption with mass spectrometry control (OPTPDMS). Water desorption from nanooxides was studied by the OPTPDMS method (chamber pressure ∼ 10−7 Torr, sample weight ~5 mg, heating rate 2 K/s, ∼ 0.5 cm distance between the sample and the MS detector), with a MSC-3 (Electron, Sumy, Ukraine) time-of-flight mass spectrometer (sensitivity 2.2 × 10 −5 A Torr −1 , accelerating voltage 0.5 kV, pulse frequency 3 kHz). Application of this technique to water desorption from various fumed oxides was described in detail elsewhere [31, [52] [53] [54] ].
X-ray powder analysis. X-ray diffraction (XRD) patterns were recorded over 2Θ = 10-70° range using a DRON-4-07 (Burevestnik, St. Petersburg) diffractometer with Cu K α (λ = 0.15418 nm) radiation and a Ni filter. The average size of titania crystallites (d) was estimated according to the Scherrer equation [59] applied to the (101) reflection at 2Θ = 25.3 o (anatase) and the (110) reflection at 2Θ = 27.4 o (rutile). Analysis of the crystalline structure of titania was carried out using the JCPDS Database (International Center for Diffraction Data, PA, 2001) [60] . The titania crystallinity was estimated as the ratio of the integral intensity of the (101) reflection peak of anatase in synthesized TiO 2 /SiO 2 and the mechanical mixture of anatase and fumed silica of the corresponding composition.
RESULTS AND DISCUSSION
To analyze the effects of the nanosilica matrices on the TiO 2 morphology, several silicas (A-50, A-100, A-300, A-380) at different specific surface areas (Tables 1 and 2) were used, and titania was also synthesized without silica by hydrolysis of TTIP in the 2-propanol solution, dried and then calcined at 523-1123 K. For the latter, anatase contribution estimated from integral intensity of the (101) reflection peak (in comparison with that for the reference anatase/silica mixtures) is maximal after heating at 923 K (Figure 1a ).
However, the crystallite size of anatase increasing with the higher temperature of calcination is maximal (28 nm) after heating at 1123 K ( Figure 1b ). The rutile crystallites (55-65 nm in size estimated from the (110) reflection peak) appear after heating at 1023-1123 K (Figure 1 ), and the trace amount of rutile is observed after heating at 923 K. The weight fraction of rutile estimated using a simple equation [61] x R = 1/(1+0.8I A /I R ) (where I A and I R are the X-ray integrated intensities of the (101) reflection peak of anatase and the (110) reflection peak of rutile) corresponds to x R = 0.21 and 0.79 after calcination at 1023 and 1123 K, respectively. Notice that the anatase-to-rutile phase transformation can occur at much lower temperatures, e.g. starting from 663 K [62] ; however, the transformation rate is slow at low temperatures. Therefore in the present work on preparation of titania/silica samples, the calcination temperature was 1073 K but the calcination time was relatively short (1 h). Titania synthesized at the fumed silica substrates is characterized by much lower crystallinity ( Figure 2 This can be due to the reactions of 2-propanol with titanium species (e.g. TiOH groups), dissolved ions or protons, and surface hydroxyls (TiOH, SiOH, SiO(H)Ti, etc.) that affect the reaction mechanism and the formation of titania crystallites in comparison with that in the more inert CCl 4 medium (CCl 4 molecules do not practically react with any species in the solution under reaction conditions at 356-383 K, since evaporation of CCl 4 was performed at 383 K). Additionally, the organization of secondary and ternary hydrophilic particles differs in polar and non-polar media, as well as the characteristics of water bound to the particle surface [5, 39, 54] and reacting with TTIP. Besides the effects of different silica matrices on the formation of titania ( Figure 2 ) some additional treatments (e.g. sonication) influencing the organization of the dispersion phase can be used to affect the morphology of grafted titania. It is well known that sonication of the nanosilica suspensions affects the secondary and ternary particle size distributions (i.e. aggregates and agglomerates of aggregates) dependent on treatment time, primary particle size distribution and composition of particle surface [5] . Therefore, to study the influence of changes in aggregation of primary silica nanoparticles on the morphology of grafted titania, sonication of the silica (A-380) suspension in 2-propanol was carried out (for 3 min) and subsequent sonication (3 min) of this suspension was performed (or not performed) after addition of TTIP but other synthesis stages were the same as in the titania synthesis without the sonication. Notice that both sonications were short-time pulsed with pauses to prevent heating of the suspensions (T < 313 K).
The first sonication leads to an increase in the crystallinity of titania ( Figure 4 ) (in comparison with TiO 2 prepared without sonication (Figure 2c) ) because contribution of anatase is 81% (at 2 TiO C = 16.7 wt%), 26% (13 wt%), and 15% (9.1 wt%). This result can be due to diminution of aggregation of silica nanoparticles after sonication that provides better conditions for mass transfer in the titania synthesis. However, the second sonication of A-380/TTIP/2-propanol gives rather negative effects because crystallinity of titania is lower (33, 14 , and 12 %, respectively); i.e. aggregation of primary silica particles can be enhanced (due to interaction of TTIP with the silica surface and changes in the hydrophilic/hydrophobic interactions in the system) than that after the first sonication without TTIP. The mentioned effects of 2-propanol leading to diminution of the crystallinity of titania (in comparison with that on the reactions in CCl 4 ) can be enhanced on the second sonication. However, the average size of anatase crystallites changes insignificantly: 13-14 nm after the first sonication and 12-13 nm after the second one.
According to the TEM micrographs ( Figure 5 ) titania particles are well distributed in the TiO 2 /SiO 2 systems; i.e., an uniform titania layer on the silica matrix well as large titania particles are absent. There are several reasons: (i) silica and titania have different parameters of the lattices, different lengths of the Si-O (0.162 nm) and Ti-O (0.195 nm) bonds, and different O-coordination numbers of the Si (four-fold) and Ti (mainly six-fold) atoms; (ii) titania nuclei are well distributed at the silica surface; and (iii) titania grows rather on titania nuclei (on small confined space effects in large voids in the secondary and ternary silica particles) than on a silica surface. The bond length distribution for crystalline titania synthesized with TTIP without silica (Figure 1c , curve 1) has a maximum at r TiO ≈ 0.19 nm, but a peak for Si-O at r SiO ≈ 0.16 nm is absent for the ST materials (Figure 1c , curves 2 and 3) because fumed silica is amorphous in contrast to titania (Figure 2) . A lower titania crystallinity in the TiO 2 /silica materials (in comparison with titania synthesized alone) and a large contribution of amorphous silica (80 wt%) stipulate disappearance of the f(r)r 2 peak for the Ti-O bonds at 0.19 nm. The XRD and TEM results revealing the particulate morphology of titania are in agreement with the FTIR spectra (Figure 6d) showing that the intensity of free ≡SiOH groups at ν OH = 3747 cm −1 depends slightly on the The specific surface area of silicas can be estimated on the basis of the FTIR spectra [63] using a linear relationship between the ratio of integral intensity of the bands of free silanols at 3747 cm −1 (integrating at 3710-3760 cm −1 on subtraction of the baseline) and Si-O overtone at 1870 cm −1 (integrating at 1760--1940 cm −1 ) I sb = SiOH/overtone Si-O and the specific surface area as follows S = I sb ×299.48874−18.29504 (m 2 /g). The specific area of a portion of the silica surface free of TiO 2 and adsorbed water (i.e. with undisturbed free silanols) is about 190 m 2 /g at C TiO2 = 5-15 wt% and 170 m 2 /g at C TiO2 = 20 wt% for TiO 2 /A-380. These values correspond to 67-78% of the total specific surface area of the ST materials (Table 1, S BET ) determined on the basis of the nitrogen adsorption isotherms. Consequently, a major portion of the silica surface remains without contacts with the titania phase and free of adsorbed water. (Figures 6a and 6c ) which are practically independent of the sample temperature in contrast to the vibrations caused by adsorbed water [64] at 970 cm −1 (Figures 6a and 6b ) and 1630 cm −1 (Figure 6c ). There is a certain difference in the amounts of adsorbed water in the TiO 2 /A-380 materials since the absorbance at 3300-3500 cm −1 depends on the C TiO2 value (Figure 6d ). According to the AFM images (Figure 7) , the morphology of the TiO 2 /SiO 2 samples with respect to aggregates changes slightly, especially for TiO 2 /A-50 (Figures 7a and 7b) . A small increase in the particle size with C TiO2 is observed for TiO 2 /A-380 (Figures 7e and 7f ) and the opposite result is for TiO 2 /A-100 (Figures 7c and 7d ). These results are in agreement with the observed changes in the particle size distributions (PaSDs) ϕ(a) (Figure 8 ) which demonstrate the appearance of smaller nanoparticles (titania) for TiO 2 /A-50 and TiO 2 /A-100 and the opposite results for TiO 2 /A-300 (CVD-TiO 2 prepared using TiCl 4 deposited from the gas phase, hydrolyzed and calcined) and TiO 2 /A-380 in comparison with the PaSDs for fumed silicas alone. These PaSDs are in agreement with the sizes of titania crystallites estimated from the XRD data. Additionally, these particle characteristics are in agreement with an increase in the specific surface area of TiO 2 /A-50 and TiO 2 /A-100 in comparison with A-50 and A-100 and the opposite results for TiO 2 /A-300 and TiO 2 /A-380 (Figure 9a , Tables 1 and 2 Notice that the synthesis of titania is accompanied by enhanced aggregation of nanoparticles in the secondary and ternary particles because the adsorption capacity (V p ) grows for many studied TiO 2 /SiO 2 samples (Figure 9b ). In the case of TiO 2 /A-50 and TiO 2 /A-100 both mesoporosity and macroporosity increase ( Table 1 , V mes and V mac ). However, for TiO 2 /A-100, the mesoporosity decreases but the macroporosity increases. Changes in the S mes and S mac values (Table 1) differ from those for the porosity because not only rearrangement of primary particles occurs but also there are changes in the PaSDs dependent on 2 TiO C and the kind of a silica matrix ( Figure 8 ). More detailed analysis of changes in the structure of aggregates and agglomerates (providing the textural porosity of the powders as voids between primary nanoparticles) could be done on the basis of the pore size distributions (PSDs) (Figures 10 and 11 ). Minimal changes in the PSDs on titania grafting in 2-propanol are observed for narrow pores (voids) at R < 5 nm ( Figure 10 ). This is due to (i) small changes in the PaSDs (Figure 8 ), (ii) the absence of pores in primary nanoparticles of both phases; and (iii) formation of titania particles in voids (mesopores) at R > 5 nm and at the outer surface of aggregates. More significant changes in the PSDs are observed at R > 5 nm because of changes in the organization of aggregates and agglomerates occurring in the titania synthesis and sample treatments as well as the formation of titania particles in large voids between silica nanoparticles. The deviations in the pore shape from the model as voids between the spherical particles randomly packed in aggregates (this deviation corresponds to that of the particle shape from a spherical one) are larger for titania/silica based on A-50 and A-100 than A-300 or A-380 in the synthesis in 2-propanol because the shape of larger primary particles of fumed silicas can be less spherical because of features of the flame synthesis [4, 5, [51] [52] [53] [54] . Therefore, the synthesis technique and the amounts of titania affect these deviations differently depending on the type of the silica matrix. A minimal deviation is for TiO 2 /A-380 (with titania synthesized in 2-propanol) after sonication of the A-380/2-propanol suspension (Tables 1 and 2). Double sonication of A-380/2-propanol and then A-380/2-propanol/TTIP leads to a larger deviation in the pore shape from the model than in the previous case. However, the synthesis of titania (TiO 2 /A-380) without sonication results in larger deviations of the pore shape from the model for the TiO 2 /A-380 materials (Figure 9 , Tables 1 and 2) and this value is maximal on the synthesis of titania in CCl 4 at 2 TiO C = 16.3 wt%.
In the synthesis of titania in CCl 4 aggregation of particles is smaller because the IPSD V functions demonstrate low values at R < 20-40 nm ( Figure 11) ; therefore, the crystallinity of titania in this case is higher than that in the synthesis in 2-propanol (Figures 2-4 ) leading to stronger aggregation since IPSD V is higher at 1 < R < 40 nm ( Figure 10 ). Grafting of hydrophilic titania onto silica leads to an increase in adsorption/desorption of water because of the appearance of new adsorption sites and changes in the surface topography [29, 50] . The first desorption peak in the OP-TPDMS thermograms for the TiO 2 /silica samples ( Figure 12 ) shifts towards lower temperatures, especially for TiO 2 /A-380, in comparison with pure silicas. However, these differences are smaller than that for fumed TiO 2 /SiO 2 (with the specific surface area close to that of TiO 2 /A-100 and TiO 2 /A-380) and titania/silica synthesized here, especially at 20 wt% of TiO 2 (Figures 12 and 13 ). Fumed ST 20 (C TiO2 = 20 wt%) is characterized by a maximal number of the SiO(H)Ti bridges possessing higher Brønsted acidity in comparison with other sites at the ST surfaces that affect the adsorption-desorption of water [29, 39, [50] [51] [52] [53] [54] . The ST materials with titania grafted on fumed silica have a low content of such sites. Diminution of the number of these sites at a surface of fumed ST 9 in comparison with ST 20 leads to reduction of the adsorption of water (Figure 13 , curves 2). However, the OP-TPDMS thermograms of water desorbed from fumed ST 9 and A-380/TiO 2 (C TiO2 = 9.9 wt%) are close (Figure 13b ) in contrast to two ST samples at C TiO2 = 20 wt% (Figure 13a ). Consequently, the organization of bound water depends on the content of grafted titania that can affect the characteristics of subsequently grafted titania. In other words, the concentration dependences of the grafted titania characteristics can be nonlinear that are observed for the water desorption, structural and other characteristics of the ST materials at various C TiO2 values. 
CONCLUSIONS
Fumed silica used as a matrix for grafted titania inhibits transformation of anatase into rutile on heating and this effect is stronger for silicas with a higher specific surface area and at lower amounts of titania in the TiO 2 /fumed silica systems. Rutile is not formed on grafting of titania onto A-380. In the case of A-100 as a matrix only trace amounts of rutile are observed at the maximal C TiO2 value. A clearly visible (110) reflection peak of rutile is observed only for TiO 2 /A-50 at C TiO2 ≥ 15 wt%. Crystallinity of titania grafted onto silicas increases for the matrices as follows A-380 < A-100 < A-50. The synthesis of titania in CCl 4 instead of 2-propanol gives a larger contribution of a crystalline phase (anatase). Sonication of the A-380/2-propanol suspension enhances the crystallinity; however, subsequent sonication of the A-380/2-propanol/TTIP suspension gives the opposite result. The average size of titania particles depends on the morphology of the silica matrix and the d value is smaller than the average size of silica particles of A-50 and A-100 but d > D for A-380. Thus variations in the silica matrices, content of titania, reaction medium and reaction temperature allow us to change the morphology of grafted titania that is of importance in application of titania/silica materials. 
